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The Effecl of Certain SH-group Inhibitors on the Growth and Respiration
of Staphylococcus Strains

Bnuarue HewoTopbix mHrubutopos rpynn SH wa poct u asixanme Staphylococcus aureus

Wplyw niektérych inhibitoréw grup SH na wzrost i oddychanie szczepéw
Staphylococcus aureus

Mercury compounds, iodoacetate and allicin — the active principle
of garlic — are known inhibitors of SH-group enzymes. It has been
observed that the majority of penicillinase producing strains of Staphy-
lococcus aureus can show a marked degree of resistance to mercuric
chloride, which is in close correlation with their epidemic properties
(1, 4, 5, 6). As pointed out by Richmond and John (3) both
characteristics, that is the ability to form penicillinase and mercury
resistance are genetically linked, being incorporated in an extrachro-
mosomal element called ,,penicillinase plasmid” (2, 3).

The aim of the present paper is to study whether the HgCl, —
resistant staphylococcus will also show resistance to other SH-group
inhibitors in comparison with the mercury sensitive organism. Chlor-
mercuribensoate, iodoacetate, garlic juice and allicin, the active substance
of the latter, were used for this purpose.

MATERIALS AND METHODS

Strains

For these experiments two strains were used: Staphylococcus aureus No 31,
sensitive to mercuric chloride and penicillin, and Staphylococcus aureus No 15,
resistant to both agents.

Media and cultivation of the strains
1% peptone agar (1) was used throughout the whole course of experiments,
to which various amounts c¢f inhibitors were added. The minimum inhibitory
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concentratioi of chlormercuribensoate and of iodoacetate was defined on a series
of peptone agar plates containing the former in the range from 1:10,000 to
1:400,000 and iodoacetate — from 1:5,000 to 1:500,000. Each plate containing
an inhibitor was inoculated with a large loopful of an overnight broth culture
and the growth observed after 24, 48, and 74 hours of incubation. In another
ser'es of experiments, cysteine was included in the medium together with the
inhibitor.

The paper disc method and the agar dilution method were employed for
testing the inhibitory effect of garlic juice. Strains were cultured overnight in
broth, diluted 1:100 and then spread over the agar plate. Paper discs were
placed on the surface of the medium and then 0,02 ml of various dilutions of
freshly prepared garlic juice (undiluted, diluted 1:2, 1:3, 1:5, 1:10 and 1:100)
were added to the disca. The plates were incubated overnight. Garlic juice was
pressed out of the throughly crushed bulbs and used in experiments after 1 hour
incubation at 37°.

In the agar dilution method the final dilutions of the juice were as follows:
1:10, 1:25, 1:50, 1:100, 1:200 and 1:400. Plates were prepared in duplicates.
In one lot of the plates cysteine was incorporated (0.005M). All plates were
inoculated with a large loopful from an overnight broth culture of both strains.
The results were read after 24, 48 and 72 hours of incubation at 37°.

The effect of allicin on the growth of Staphylococcus aureus strains was
defined by means of the paper disc method. The agar medium was flooded with
an overnight broth culture diluted 1:100, the excess removed and then paper
discs placed, to which 0.02 ml of the mixture of alliin and the enzyme (alliinase)
cbtained from the garlic, were added. 43 mg of alliin was suspended in 1.0 ml
of water and mixed with 1 ml of crude enzyme preparation. The mixture was
kept at room temperature and applied successively to the dises at: 0, 15, 30, 60,
120, 240, 360 and 480 min. During the incubation alliin was converted enzyma-
tically into the active subtance — allicni. Each paper disc contained 21 pug of
allicin.

The crude preparation of allilnase was obtained according to Stoll and
Seebeck (7). 100 g of the fresh, frozen garlic was crushed throughly and
extracted with 400 ml of water at 37°. The extract was filtered and the super-
natant treated with 21 ml of 10% acetic acid. The obtained precipitate was
centrifuged down, suspended in 150 ml of water and then treated with 10%
ammonia to reach pH 6.4. The reaging mixture was filtered and the clear su-
pernatant treated again with acetic to reach pH 4.0. The resulting precipitate
was centrifuged down and the pellet dissolved in 400 ml of 1/15 phosphate
buffer, pH 6.4. This enzyme preparation was kept in the frozen state.

Cells for manometric experiments were obtained according to the method
previously described (6).

Analytical method

Oxygen uptake was measured by the conventional Warburg technique (9).
Each vessel contained: 0.5 ml of cell suspension (1—20 mg wet weight), 1.5 ml
of phosphate buffer 0.1 M, pH 7.0, 0.2 ml of 0.1 M glucose and in the two side
arms: 0.5 ml volumes of appropriate concentrations of inhibitors and cysteine,
respecively. The center well contained filter paper soaked with 0.2 ml of 20%
KOH. Chlormercuribensoate was used to reach the final concentrations: 7.2X
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X10-8M, 3.6X10-*M and 7.2X10-5M. lidoacetate was used &t concentrations:
2X10-5M, 10-4M, 10-3M and 10-2M. Garlic juice was used in following
amounts: 0.5 ml and 1.0 ml of freshly prepared juice. In another experiment
allicin, obtained from pure alliin, was used at concentrations: 10-2M and 10—3 M.

Chemicals

Alliin was kindly supplied by Sandoz, Schwitzerland. Chlormercuribensoate
and iodoacetate were the products of DIH, England. Cther chemicals were
reagent grade products of FOCH, Gliwice, Poland.

RESULTS

Table 1

Table 1 indicates that the M.I.C. (minimum inhibitory concentration)
of chloromercuribensoate for strain 31 was 1:50.000, while for strain
15 — 1:10.000. As regards to iodoacetate, there was no diference in
the sensitivity of both strains in the growth test. M.I.C. for strain 15
and 31 was the same — 1:10.000. Both inhibitors had no inactivating
effects on the growth of either strain in the presence of 0.005 M of
cysteine.

Table 1. Minimum inhibitory concentration of chlormercuribensoate and iodoacetate
for the growth of Staphylococcus aureus 15 and 31

Concentration of Concentration of

chlormercuribensoate Strain iodoacetate Strain

M Dilution 15 31 M Dilution 15 31

w/v wiv
2.64X10-* 1:10,000 — ~ 1.08X10-%  1:5,000 — —
1.06X10—4 1:25,000 + — 5.40X10-4 1:10,000 — —
5.30X10—5  1:50,000 + — 270 X10—4  1:20,000 + +
2.64X10—5 1:100,000 + + 1.80X10—-4  1:30,000 + +
1.32X10-%  1:200,000 + + 1.08X10-¢  1:50,000 + +
6.60X10-¢ 1:400.000 + + 1.08X10—5  1:500,000 + +
Table 2

Table 2 shows results of the inhibitory effect of garlic juice and
of allicin on the growth of staphylococci in the paper disc method.
The sensitivity of strain 15 and 31 in the growth test was identical.
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Fig. la. The effect of various cencentrations of chlormercuribensoate on the
oxidation of glucose by Staphylococcus aureus strain 15

Fig. 1a and 1b show the effect of various concentrations of chlor-
mercuribensoate on the oxygen uptake of strain 15 and 31, with glucose
as a substrate. No difference in sensitivity could be cbserved between
the two strains studied. The rate of inhibition of respiratory activity
in the presence of the inhibitor was similar for both strains, although
in the growth test strain 15 was more resistant than strain 31. Cysteine
(0.005 M) reactivated the respiration of both strains to the same extent.
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Fig. 1b. The effect of various concentrations of chlormercuribensoate on the
glucose oxidation by Staphylococcus aureus strain 31

As regards iodoacetate (Fig. 2a and 2b), the glucose consumption
by strain 15 and 31 was inhibited to the same degree, the same was
true in the growth test. The addition of cysteine was not markedly
effective on the reactivation of respiration of staphylococci.
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Fig. 2b. The effect of various concentration of jodoacetate on the glucose
oxidation by Staphylococcus aureus strain 31

Fig. 3 and Fig. 4 show that allicin at concentrations 103 M and
10-2 M did not have any significant effect on the glucose oxidation
by both strains. The same was observed with the garlic juice in Warburg
experiment, while in the growth test both agents were strongly inhibi-
tory for both strains.
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DISCUSSION

The aim of the present paper was to study whether HgCl, resistant
Staphylococcus aureus strain, possessing penicillinase plasmids, will
also show resistance to other SH-group inhibitor, in comparison with
the mercury sensitive. organism. Staphylococcal resistance to mercuric
chloride has been accepted as the criterion of their epidemic properties
(1, 4). Genetic studies have revealed that resis’ance to mercury and
to other inorganic ions, and also the ability to form renicillinase
plasmid (2, 3). The nature of resistance to those ions remains obscure.
Previous work (6) has showed that the mercury resistant strain 15
oxidised glucose at normal rate in the presence of such concentrations
of HgCl,, which markedly inhibited respiration of strain 31. As regards
chlormercuribensoate, strain 15 was more resistant, but only in the
growth test. M.I.C. for strain 15 was 1:10.000, while for strain 31 —
1:50.000. In Warburg experiments both strains behaved equally.

Iodoacetate was inhibitory for both strains to the same degree
in the growth test and in Warburg experiments.

Quite unexpected results were obtained with the garlic juice and
allicin in Warburg experiments. The inhability of them to suppress
glucose oxidation by staphylococci seems rather puzzling, since it is
known, that allicin, the active substance of garlic is an inhibitor of
respiratory pathway enzymes, possessing SH-grcups (8, 10). As stated
by M. Szymona (8), such fungi as Candida albicans and Trichophyton
cerebriforme were very sensitive to garlic, both in growth test and in
the Warburg experiment; 5 drops of fresh juice inhibited almost comple-
tely glucose oxidation by Candida albicans, while in our tests even
50 drops (1.0 ml) did not cause similar effect. This seems to indicate
that in Staphylococcus aureus strain SH-enzymes are protected from
the action of garlic in some unkown way and that fungi lack such
protection mechanism. This problem is being further investigated by
one of us (Z.T.). Preliminary observations (unpublished) have revealed
that garlic juice in the amount of 0.1 ml or 0.2 ml stimulated endogenous
respiration of Stypholococcus aureus Oxford even to a greater extent
than glucose, while endogenous respiration of Candida albicans was
rather inhibited by that amount of the juice. The same difference was
obtained when glucose was used as a substrate, although in the growth
tests both organisms were equally sensitive. This may suggest that
during respiration in buffer staphylococci are protected from the inhi-
bitory action of garlic, at least during the time of observation, and
that inhibilition takes place only when growth occurrs. The fact that
the addition of garlic juice to the growth medium together with cysteine
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enabled staphylococei to grow, confirms the view that garlic inhibits
the growth of that microorganism by combining with its SH-group
enzymes (8, 10).

In conclusion, the presented results indicate that the mercury-
-resistant and -sensitive staphylococci do not show any difference in
sensitivity to other SH-group inhibitors, except that strain 15 was
5 times more resistant to chlormercuribensoate in the growth test, as
compared with strain 31.
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STRESZCZENIE

Zalozeniem pracy bylo zbadanie, czy szczep Staphylococcus aureus,
oporny na chlorek rteciowy, bedzie wykazywal opornos$¢é réwniez na
inne inhibitory grup SH w poréwnaniu ze szczepem wrazliwym. Sto-
sowano chlororteciobenzoesan, jodooctan, sok czosnkowy oraz allicyne
— aktywng substancje czosnku. Hamujace dzialanie powyzszych inhi-
bitorow na wzrost badanych szczepéw okreslano metodg rozcienczeniowsg
w agarze i metodg krazkéw bibulowych. Wplyw inhibitoré6w na od-
dychanie badano w aparacie Warburga w obecnosci glukozy jako
substratu.

Nie wykazano réznic we wrazliwosci szczepéw na chl-rcrtecioben-
zoesan i jodooctan w doswiadczeniach manometrycznych, jedynie szczep
oporny na HgCl, byl piecickrotnie bardziej oporny na organiczny
zwiagzek rteci w probie wzrostowej, w poré6wnaniu ze szczepem wraz-
liwym.

Czosnek i allicyna wykazywaly silne wlasciwoici przeciwgronkow-
cowe w probie wzrostowej, natomiast nie mialy istotnego dzialania
hamujacego na oddychanie szczepéw w obecnosci glukozy. Obserwacja
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ta jest interesujaca z uwagi na to, ze allicyna jest inhibitorem enzymoéw
oddechowych posiadajacych grupy SH, co potwierdza oslaniajgce dzia-
lanie cysteiny na wzrost badanych szezepéw. Wydaje sie prawdopo-
dobne, ze gronkowce posiadaja jakis mechanizm oslaniajgcy ich grupy
SH, ktéry, jak wykazali inni autorzy, nie wystepuje u Candida albicans,
drobnoustroju bardzo wrazliwego zaréwno w prébach wzrostowych, jak
i w doswiadezeniach manometrycznych.

PODPIS POD RYCINY

Ryc. la. Wplyw réznych stezen chlororteciobenzoesanu na uttlenianie glukozy
przez szczep Staphylococcus aureus 15.

Ryc. 1b. Wplyw réznych stezenn chlororteciobenzoesanu na utlenianie glukozy
przez szczep Staphylococcus aureus 31,

Ryc. 2a. Wplyw réznych stezen jodooctanu na utlenianie glukozy przez szczep
Stophylococcus aureus 15.

Ryc. 2b. Wplyw réznych stezenn jodoooctanu na utlenianie glukozy przez szczep
Staphylococcus aureus 31.

Ryc. 3. Wplyw soku z czosnku a) i allicyny b) na utlenianie glukozy przez
szczep Staphylococcus aureus 15.

Ryc. 4. Wplyw soku z czosnku a) i allicyny b) na utlenianie glukozy przez
szczep Staphylococcus aureus 31.

TYTULY TABEL

Tab. 1. Minimalne stezenie chlororteciobenzoesanu i jodooctanu hamujgcego
wzrost Staphylococcus aureus 15 i 31.

Tab. 2. Hamujacy wplyw soku z czosnku i allicyny na wzrost szczepow
Staphylococcus aureus 15 i 31 w metodzie krazkow bibutowych.

Tab. 3. Hamujacy wplyw soku z czosnku i allicyny na wzrost szczepéw
Staphylococcus aureus 15 i 31 w metodzie rozciefczeniowej w agarze.

PE3IOME

Mccnenosanace conpoTueasiemocTs wtamma Staphylococcus aureus,
YCTOMUMBOCTb KOTOPOrO K XJIOPHOW PTYTM M3BECTHA, K APYrMM MHTMBMTO-
pam rpynn SH no cpaBHEHMIO € UYBCTBUTENbHLIM LWITAMMOM. [lpuMmeHsanuce
xnopmepkypurbeH3oar, MOHOMOAO0AUETAT, YECHOUHBIM COK W AanfuuuH —
8KTUBHOE BELLECTBO 4YECHOKa. Topmo3auwiee AEHCTBME BbILIEHA3BAHHbLIX MH-
ruburopoe Ha pPoOCT WTAMMOB ORpeAensnocs MeToaom pasbasneHus B
arap-arape u metofom BymamHbix kpymkoe. BrusHue uHrubutopos Ha abi-
xaHue uccnegosanock B annapate Bapbypra, rae s kauectee cybertparta
NPUCYTCTBOBanNa rnoKo3a.

He obHapymeHo pasHul, B YCTOWUMBOCTM LUTAMMOB K XNOPMEPKYPUH-
6en3oaty u MoHoMofoALETaTy B MAHOMETPUUECKMX MCCNEAOBAHMAX, TOMNb-
Ko wTamm, yctonumeei k HgCl,, 6bin B nate pa3s Gonbluie ycroiume k op-
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FaHUYEeCKOMY COeauHEHUIO PTYTU B BO3PACTHOM TE€CTe NO CPABHEeHUKo C 4ys-
CTBHUTENbHbLIM LLUTAMMOM,

YecHok u annuuuH OBHAPYXKMBANM CUNbHbIE AHTUCTA(PUIOKOKKOBbIE
CBOMCTBA B BO3PACTHOM TecCTe, B TO e BPEeMst He OKa3biBanu CYULECTBEH-
HOTO TOPMO3ALLEro REHUCTBMS HA AbIXaHME LITAMMOB B MPMCYTCTBUM FAIOKO-
3bl. DT HabnoAeHUs NPEACTABASIIOT UHTEPEeC NO TOW NPMUUYMHE, YTO anMMUmH
ABRASETCA MHIrMBUTOPOM AbiXaTenbHbiXx (EPMEHTOB, COAEPKALMX FPynnbl
SH, uTo noaTeepaaeTr 3alUMTHOE [EeHCTBME LMC enHa Ha POCT uccnepye-
MbIX LITAaMMOB. BO3MOMHO, UTO Y CTAaPUNOKOKKOB €CTb KAKOM-TO Mexa-
HU3M, 3awmwarowmi ux rpynnst SH, koTopeid (kak nokasanu Apyrue wuc-
cneposatenu) He Habniopaetca y Candida albicans, mukpoopraHusme,
OueHb YYBCTBMTENbHbLIM KAK B BO3PACTHBIX TecTax, TaK WU B MaHoOmeTpuuec-
KMX MCCNepoBaHmMsIX.



